ABSTRACT Population-based estimates of human immunodeficiency virus (HIV) prevalence and risk behaviors among men who have sex with men (MSM) are valuable for HIV prevention planning but not widely available, especially at the local level. We combined two population-based data sources to estimate prevalence of diagnosed HIV infection, HIV-associated risk-behaviors, and HIV testing patterns among sexually active MSM in New York City (NYC). HIV/AIDS surveillance data were used to determine the number of living males reporting a history of sex with men who had been diagnosed in NYC with HIV infection through 2002 (23% of HIV-infected males did not have HIV transmission risk information available). Sexual behavior data from a cross-sectional telephone survey were used to estimate the number of sexually active MSM in NYC in 2002. Prevalence of diagnosed HIV infection was estimated using the ratio of HIV-infected MSM to sexually active MSM. The estimated base prevalence of diagnosed HIV infection was 8.4% overall (95% confidence interval [CI] = 7.5-9.6). Diagnosed HIV prevalence was highest among MSM who were non-Hispanic black (12.6%, 95% CI = 9.8-17.6), aged 35-44 (12.6%, 95% CI = 10.4-15.9), or 45-54 years (13.1%, 95% CI = 10.2-18.3), and residents of Manhattan (17.7%, 95% CI = 14.5-22.8). Overall, 37% (95% CI = 32-43%) of MSM reported using a condom at last sex, and 34% (95% CI = 28-39%) reported being tested for HIV in the past year. Estimates derived through sensitivity analyses (assigning a range of HIV-infected males with no reported risk information as MSM) yielded higher diagnosed HIV prevalence estimates (11.0-13.2%). Accounting for additional undiagnosed HIV-infected MSM yielded even higher prevalence estimates. The high prevalence of diagnosed HIV among sexually active MSM in NYC is likely due to a combination of high incidence over the course of the epidemic and prolonged survival in the era of highly active antiretroviral therapy. Despite high HIV prevalence in this population, condom use and HIV testing are low. Combining complementary population-based data sources can provide critical HIV-related information to guide prevention efforts. Individual counseling and education interventions should focus on increasing condom use and encouraging safer At the time this work was conducted, Manning and Marx were with the
INTRODUCTION
Men who have sex with men (MSM) have been disproportionately affected by the human immunodeficiency virus (HIV) epidemic in the United States. An estimated 1 million persons were living with HIV/AIDS in the United States as of the end of 2003, 1 and MSM accounted for 68% of the male subset. 2 Results from a serosurvey conducted among MSM attendees of sexually transmitted disease clinics indicate an overall HIV prevalence of 26%, with estimates ranging from 8-39% across geographic regions. 3 The 1994-2000 Young Men_s Survey (YMS) was a two-phase, cross-sectional, venue-based survey conducted in seven large U.S. cities to estimate HIV prevalence and risk behaviors among young MSM aged 15-22 years (Phase I) and 23-29 years (Phase II). 4 The overall prevalence of HIV infection among participants who reported ever having had sex with a man was 7.2% nationally 4 and 12.1% in New York City (NYC) 5 during Phase I, and 13% nationally 6 and 17% in NYC 7 during Phase II. The National HIV Behavioral Surveillance (NHBS) System collects data from three groups at high risk for HIV infection (MSM, injection drug users, and heterosexual adults in areas where HIV is prevalent) attending public venues to estimate the prevalence of HIV infection and risk behaviors. 8 Among NYC MSM NHBS participants surveyed during July 2004-January 2005, the prevalence of HIV infection was 18%. 7 However, estimates of HIV prevalence obtained through sexually transmitted disease (STD) clinic and venue-based serosurveys are likely to overestimate the actual prevalence of HIV among MSM and are not generalizable to the overall MSM population.
Population-based studies of HIV prevalence among MSM should provide the least biased and most generalizable estimates, but are not available nationally or in the majority of local jurisdictions. HIV surveillance systems can provide population-based estimates of the number of HIV-infected persons and limited information on transmission risk behaviors. However, a barrier to the estimation of HIV prevalence among any particular transmission risk group, including MSM, is the lack of denominator estimates for specific populations at risk. Therefore, other data sources in addition to routine case surveillance are needed to calculate risk groupspecific HIV prevalence estimates.
NYC has one of the largest and most heterogeneous HIV epidemics in the United States. Survival among persons with HIV infection has improved substantially in NYC, particularly among MSM, since the introduction of highly active antiretroviral therapy (HAART) in 1995. 9, 10 The incidence of HIV infection among MSM was recently estimated to be 2.5% per year; 11 however, there are no historical data on HIV incidence to suggest whether it is stable, increasing, or declining. Since June 2000, the NYC Department of Health and Mental Hygiene (DOHMH) has been conducting name-based surveillance to track diagnoses of HIV (non-AIDS) and AIDS among NYC residents. As of December 31, 2002, 80,862 New Yorkers, 1% of the city_s population, had received diagnoses of and were known to be living with HIV/AIDS. 9 The NYC Community Health Survey (CHS) is a local, population-based, crosssectional telephone survey conducted annually since 2002. In addition to other key health indicators, CHS provides local estimates of the prevalence and estimated number of MSM living in NYC, measures that are not available from other existing data sources. CHS also provides information on the proportion of New Yorkers reporting certain behaviors that have been associated with risk of HIV infection, including condom use, number of sex partners, history of recent sexually transmitted infections, and HIV testing. We combined data from the NYC DOHMH HIV/AIDS Surveillance Registry and the CHS to derive population-based estimates of HIV prevalence among sexually active MSM in NYC in 2002. We also used CHS data to determine the frequency of HIV risk and testing behaviors.
METHODS

Data Sources
Community Health Survey The 2003 NYC CHS was a population-based, crosssectional, random-digit-dialed telephone survey of noninstitutionalized New Yorkers aged greater than or equal to 18 years stratified by 34 neighborhoods. Data from each neighborhood are pooled to produce representative estimates for the adult population of NYC. A total of 9,802 adults completed an interview from 16,633 households with a landline telephone contacted. The 2003 NYC CHS response rate was 26%, and the cooperation rate (the proportion of eligible households that participated) was 56%. These rates were only slightly lower than the 2003 New York State Behavioral Risk Factor Surveillance System (BRFSS) response and cooperation rates of 29.1 and 68.6%, respectively. Interviews were conducted in 26 languages. Because the CHS asks about health behaviors occurring in the 12 months before the survey, 2003 CHS data, which were collected between April and August 2003, were used as the best indicators of the behaviors of interest during 2002. We used responses to questions regarding sexual behaviors from this survey to estimate the number of sexually active MSM living in NYC during 2002. Male respondents aged 18-64 years who reported having sex (oral or anal) with one or more men during the past 12 months were included in the analysis. Male respondents who reported having sex with both men and women during the past 12 months were included. Condom use was assessed on the basis of responses to the question, BThe last time you had sex, did you or your partner use a condom?^HIV testing was assessed on the basis of responses to the question, BHave you had an HIV test during the last 12 months? Do not count tests you might have had as part of a blood donation.^A recent history of sexually transmitted infection (STI) was assessed by using responses to questions asking whether the respondent had ever had genital warts or genital herpes diagnosed or had gonorrhea or chlamydia diagnosed during the past 12 months. The first two STIs measured are viral infections and are likely to have been present in the past 12 months, even if the diagnosis was made before the past year. Respondents answering Byes^to at least one of the questions were classified as having a recent history of STI.
HIV/AIDS Surveillance Registry
We compiled data on persons who had diagnoses of and were known to be living with HIV/AIDS as of December 31, 2002, and had been reported to the NYC HIV/ AIDS Surveillance Registry through April 2005. Data on HIV-infected male NYC residents aged 18-64 years for whom sex with another male was the reported risk factor were included in the analysis as the numerator for the estimated prevalence of diagnosed HIV infection. MSM who reported a history of injection-drug use (6.5% of the 21,449 HIV-infected MSM) were also included. Males whose reported HIV transmission risk was heterosexual, perinatal, or unknown were excluded. Information on race/ethnicity, age at the end of 2002, and borough of residence at the time of HIV or AIDS diagnosis was obtained from HIV surveillance records. Additional details on NYC DOHMH HIV surveillance methods have been described previously. 12 Data Analysis The number, weighted number, and weighted percentage of sexually active males who had sex with another male during the previous year were estimated on the basis of responses to CHS questions. All CHS analyses applied sample weights to account for the sampling design of the survey. Selection weights equaled the inverse of the probability of selection. Poststratification weights extrapolated survey findings to neighborhood populations, on the basis of the age, sex, and race of the respondent. Weighted percentages were age-adjusted to the 2000 U.S. standard population. Standard errors for all point estimates were estimated by using SAS The prevalence of diagnosed HIV infection among sexually active MSM in NYC in 2002 was estimated by dividing the number of MSM with diagnoses and who were known to be living with HIV (from the HIV/AIDS Surveillance Registry) by the estimated population of MSM (from CHS). Population estimates from CHS were rounded to the nearest hundred due to lack of precision. The number of HIVinfected MSM enumerated from the Surveillance Registry was divided by the upper and lower confidence limits of the estimated population of MSM to determine the lower and upper 95% confidence limits, respectively, for prevalence estimates. Sensitivity analyses were performed to assess the impact of various assumptions on the HIV prevalence estimates.
RESULTS
Proportion of New York City Adult Males with a Recent
History of Sex with Another Male U.S. census 2000 data indicate that 2,443,626 males aged 18-64 years were living in New York City in 2000. 13 On the basis of data from the 2003 CHS, an estimated 254,400 (13.7%; 95% CI=12.1-15.4) males in this age range reported having had sex with another male during the previous 12 months ( Table 1 ). The proportion of sexually active MSM did not vary significantly by race/ethnicity. Approximately 15.0% (95% CI=11.8-18.9) of Hispanic, 14.5% (95% CI=12.2-17.2) of nonHispanic white, and 12.4% (95% CI=9.5-16.0) of non-Hispanic black males reported sexual activity with another male during the previous year. A slightly higher proportion of sexually active MSM was identified among younger age groups; an estimated 16.2% (95% CI=11.7-22.1) of males aged 18-24 years and 15.8% (95% CI=13.0-19.1) of males aged 35-44 years reported having had sex with another man during the previous year. Geographically, the proportion of males estimated to be sexually active MSM was slightly lower in Brooklyn, Queens, and Staten Island than in the Bronx or Manhattan, although the differences between the boroughs were not significant.
NYC MSM with Diagnosed HIV Infections
According to HIV surveillance data, 21,449 males for whom sex with another male was the reported HIV transmission risk factor were diagnosed and living with HIV infection at the end of 2002. MSM constituted 41% of the 52,932 HIV-infected males in New York City and 53% of the 40,724 males whose HIV transmission risk was known; 12,208 (23%) HIV-infected NYC males had unknown transmission risk information. Among MSM who were diagnosed with HIV infection, 43% were non-Hispanic white, 28% Hispanic, and 27% non-Hispanic black; 2% were aged 18-24 years, 17% aged 25-34 years, 43% aged 35-44 years, and 28% aged 45-54 years; and 54% were residents of Manhattan.
Risk Behaviors and HIV Testing
Although the majority of sexually active MSM (74.2%; 95% CI=68.5-79.3) reported having had only one sex partner during the past 12 months, 16.2% (95% CI=12.1-21.2) had had three or more partners, and 9.6% (95% CI=6.7-13.7) had had two partners. Approximately one quarter of sexually active MSM (28.7%; 95% CI=21.3-37.4) reported having had one or (Table 3 ). The estimated prevalence of diagnosed HIV infection among sexually active MSM in Manhattan was 17.7% (95% CI=14.5-22.8); approximately half of the HIV-infected men with documented histories of MSM in NYC resided in Manhattan. In the other NYC boroughs, the estimated prevalence of diagnosed HIV infection among MSM ranged from 1.8% (Staten Island) to 5.7% (Bronx and Brooklyn).
Sensitivity Analysis
HIV surveillance data underestimate the true number of diagnosed HIV-infected MSM because they do not completely capture risk information for all persons diagnosed with HIV in NYC. Among the 52,932 males aged 18-64 years who had an HIV diagnosis and were known to be living with HIV/AIDS as of the end of 2002, a total of 12,208 (23%) had unknown transmission risk information. An unknown proportion of these males were MSM, resulting in an underestimate of the true prevalence of diagnosed HIV infection among MSM. We conducted sensitivity analyses to investigate the impact of this limitation. MSM constitute 53% (21,449/40,724) of HIV-infected males with known HIV transmission risk information. If MSM constituted either the same proportion of HIV-infected males with unknown transmission risk, or if all HIV-infected males with unknown risk were MSM, this would increase our HIV prevalence estimate from 8.4 to 11.0% (95% CI=9.8-12.5) or 13.2% (95% CI=11.8-15.1), respectively (Table 4) .
Surveillance data are also unable to account for HIV-infected persons who have not been diagnosed because they have not been tested for HIV. Nationally, it is estimated that 25% of HIV-infected persons have not been diagnosed and are unaware of their HIV infection.
14 Assuming that 25% of HIV-infected MSM have not been diagnosed, we calculated estimated overall (diagnosed and undiagnosed) (Table 4) .
DISCUSSION
This analysis combined two population-based data sources to estimate the prevalence of diagnosed HIV infection among sexually active MSM in NYC.
Findings suggest an overall high prevalence of diagnosed HIV infection (8.4%), and sensitivity analyses suggest this to be a conservative estimate. The HIV epidemic in NYC disproportionately affects certain segments of the NYC MSM population, particularly non-Hispanic black MSM and MSM in their late 30s-50s. Significant geographic variability also exists in the prevalence of diagnosed HIV infection among sexually active MSM in NYC, with prevalence estimates by borough of residence ranging from less than 2% in Staten Island to approximately 18% in Manhattan. The high prevalence of diagnosed HIV infection among MSM in NYC is likely due to the combination of high HIV incidence over the course of the epidemic and improved survival in the era of HAART.
The population-based estimates of the prevalence of diagnosed HIV infection among sexually active NYC MSM from our analysis are lower than those resulting from studies conducted among high-risk MSM attending STD clinics or other venues known to be frequented by MSM. [4] [5] [6] [7] [8] Among NYC MSM NHBS participants, the prevalence of HIV infection was 18% 7 , and among NYC MSM participating in YMS I and II, HIV prevalences were 12.1 and 17%. 5, 7 These prevalences are higher than our estimate of the prevalence of diagnosed HIV infection of 8.4%. In the NYC YMS analysis, HIV prevalence was highest among those who were black, Hispanic, or of mixed race/ethnicity and among 20-to 22-year olds. 5 Our analysis also revealed a high prevalence of diagnosed HIV infection among sexually active non-Hispanic black MSM, but we identified a lower estimated HIV prevalence (1%) among sexually active MSM in the youngest age group (18-24 years). Methodologic differences between the two studies might account for some of the discrepant findings. The YMS study estimated the prevalence of diagnosed and undiagnosed HIV infection based on serologic testing. HIV surveillance can only account for diagnosed HIV infections that are reported to the HIV/AIDS surveillance registry. We accounted for undiagnosed HIV-infected MSM in our sensitivity analyses to compensate for this limitation. Our overall prevalence estimate increased to 11.2-17.6% when the estimated percent of undiagnosed HIVinfected MSM was included. YMS participants were sampled from public venues frequented by MSM and did not include young MSM who do not frequent such venues. Our population-based estimates are not affected by this selection bias.
In a serosurvey conducted in 1999 among persons attending two public NYC STD clinics, 18% of MSM clinic attendees were determined to be HIV-infected. 15 This study was conducted among STD clinic attendees, 60% of whom had an STI diagnosed at the same visit the HIV testing was done, indicating recent unsafe sexual practices and higher risk for HIV infection. Because of the higher risk profile, prevalence estimates based on a serosurvey of MSM attending a public STD clinic are not widely generalizable to the overall NYC MSM population.
The levels of risky behaviors observed in our population-based survey are cause for concern, particularly in light of the high HIV prevalence estimates calculated here. We do not have information on the exact nature of sexual contact or the HIVstatus of sexual partners of the MSM in our study population. However, approximately 60% of sexually active MSM reported that a condom was not used during their last sexual encounter, including over one-third of MSM with three or more sex partners in the past year. One in four MSM reported having had one or more recent STIs. This tendency for unsafe sexual practice is reflected in recently reported increases in Neisseria gonorrhoeae 16 and syphilis 17 infections and the emergence of lymphogranuloma venereum 18 among NYC MSM. A case-control study conducted among NYC MSM in 2001 reported that 50% of MSM with primary or secondary syphilis were coinfected with HIV and had acquired HIV a median of 7 years before their syphilis diagnosis. 19 This finding indicates that risky sexual behaviors are occurring among NYC MSM who are known to be HIVinfected and should have been counseled about reducing risk behaviors.
The number of diagnosed and reported cases of HIV is dependent upon rates of HIV testing. One-third of sexually active MSM reported having been tested for HIV during the past year, and only 46% of MSM with three or more sex partners were tested for HIV during the past year. The prevalence of diagnosed HIV-infection was highest among non-Hispanic black MSM, a racial/ethnic group among whom the prevalence of HIV testing during the previous 12 months was only 38%. Therefore, an even more pronounced racial/ethnic disparity possibly exists in HIV prevalence than our results indicate. Testing rates observed in our study are low, relative to other estimates of HIV testing among MSM. The HIV Testing Surveys are anonymous, cross-sectional interview studies of persons at high-risk for HIV infection. 19 Findings from 2002 HITS indicate that 77% of MSM participants had been tested for HIV in the past 12 months. 20 A related survey conducted in NYC during 2000-2002 (HITS-NYC) found that 52% of NYC MSM were tested for HIV during the past year. 21 Although lower than national estimates, this finding of 52% of MSM reporting having been tested for HIV during the past year is higher than our overall finding of only 34%. As seen with YMS, differences might be the result of the fact that the HITS participants are recruited from venues that are known to be frequented by persons who are at high risk for HIV and are therefore likely to be the focus of HIV prevention and testing programs by community-based organizations. 22 However, larger proportions of MSM in certain subgroups, Hispanic (47%), aged 18-24 years (62%), residents of the Bronx (50%), and having more than one sex partner (946%), reported having been tested for HIV in the past year. These subgroup findings are more consistent with the HITS-NYC result than is our overall finding of 34%.
The findings of this analysis are subject to methodologic limitations. Barriers to obtaining an accurate estimate of the number of HIV-infected MSM from HIV surveillance data include incomplete reporting of HIV transmission risk information to the HIV surveillance system and the presence of undiagnosed cases of HIVinfection. HIV transmission risk information was unknown for almost a quarter of HIV-infected males in our surveillance system as of the end of 2002. An unknown proportion of these males were MSM. In our sensitivity analyses, we calculated HIV prevalence based on varying assumptions regarding what proportion of this population might be MSM. The resulting HIV prevalence estimates ranged from 11-13%. Nationally, an estimated 25% of persons living with HIV infection have not been diagnosed and are unaware of their infection status.
14 These persons are therefore not counted by public health surveillance systems and, consequently, are not included in the numerator of our main analysis. Based on the assumption that 25% of HIV-infected persons have not been diagnosed and are unaware of their HIV infection, resulting adjusted HIV prevalence ranged from 11.2-17.6%.
In contrast, other potential biases might serve to artifactually inflate the prevalence estimate. For example, our prevalence estimate includes all HIV-infected MSM identified through the surveillance registry, whether or not they have been sexually active during the past 12 months. However, the target population derived from the CHS for our prevalence estimate is sexually active MSM only, potentially inflating the estimated prevalence. The estimated number of MSM living in NYC is based on males who reported in a household telephone survey that they had sex with one or more males during the previous 12 months. This excludes MSM who have not been sexually active in the past year, such as those who might have ceased sexual activity when they were diagnosed with HIV to reduce transmission risk or because they were too sick to engage in sexual activity. 23 Also excluded from the survey estimates were males who have been sexually active with another male during the past year but chose not to disclose that information. Lau et al. investigated differences in responses to sensitive sexual behavior questions between the conventional telephone interview and a computerized data collection method and concluded that respondents were more likely to report risk behaviors when responding to the computerized system. 24 Reporting bias due to social desirability might underestimate the number of MSM living in NYC, and thus, overestimate the prevalence of diagnosed HIV infection. If underreporting of MSM varied by race/ ethnicity, this would also contribute to observed racial/ethnic disparities in estimated HIV prevalence. Finally, the CHS does not sample the entire NYC population. Persons who live in nonresidential settings, such as prisons and college dormitories, and persons who do not have telephone service or who exclusively use cellular phones were not surveyed, thus, limiting ability to generalize these findings to those populations. Although these restrictions limit generalizability, these populations are not represented in comparable surveys providing national estimates of various health indicators, such as the BRFSS.
Despite high HIV prevalence among sexually active NYC MSM, prevalence of condom use and HIV testing are low. One quarter of sexually active MSM reported having a recent STI, an unknown proportion of whom are coinfected with HIV. The Centers for Disease Control and Prevention emphasizes the incorporation of HIV prevention efforts into the medical care of all HIV-infected persons through provider screening for HIV transmission risk behaviors and STIs, the provision of behavioral risk-reduction interventions, and assistance with partner notification. 25 Education and prevention interventions should continue to focus on all MSM in NYC, but particularly those with higher estimated HIV prevalence including those who are non-Hispanic black, aged 35-54 years, and residents of Manhattan. HIV prevention programs should be culturally appropriate and tailored to the needs of the specific target group. Increased awareness of HIV status through frequent testing and safer sex practices among all MSM are essential to reduce transmission of HIV.
Combining data sources provides useful, replicable measures of the prevalence of diagnosed HIV infection among a population at high risk for HIV transmission. Although estimation through use of multiple sources is subject to the limitations described here, the findings are important for ongoing surveillance and targeting resources. Other jurisdictions with large, concentrated HIV epidemics can apply these novel methods to estimate the prevalence of HIV infection among specific atrisk populations such as sexually active persons and injecting drug users and to inform HIV education and prevention programs.
